Abstract. in this study, we conducted an immunohistochemical analysis of primary breast tumors and metachronous brain metastases to compare the differences in the expression of biological markers between the two. carcinoma tissues from primary breast tumors and metachronous brain metastases collected from 21 patients were examined immunohistochemically for the expression status of the estrogen receptor (Er), progesterone receptor (pgr), human epidermal growth factor receptor (hEr)-2, Ki-67, bcl-2 and p53, and the results were compared. in addition, the relationships between the expression of these factors and prognosis were evaluated. there were no significant differences in the frequencies of ER-, pgr-, hEr-2-, bcl-2-or p53-positivity between the primary breast tumors and metachronous brain metastases. While the Ki-67 labeling index (li) was high in both the primary breast tumors and brain metastases, it was significantly higher in the brain metastases than in the corresponding primary breast tumors (p=0.003). With regard to the prognosis, breast cancer patients who showed Er-positivity in the primary tumors showed significantly longer survival after primary diagnosis (p=0.0076). Furthermore, breast cancer patients who exhibited Er-positivity, bcl-2-positivity or p53-negativity in the primary tumors showed significantly longer intervals from primary diagnosis to the detection of the brain metastases. Of all the markers, only the Ki-67 LI was significantly higher in the brain metastases than in the primary breast tumors. We confirmed that the tumor characteristics were worse in the metachronous brain metastases.
Introduction
Brain metastasis occurs frequently in women with advanced breast cancer. however, early breast cancer patients developing metastasis to the brain as the first site of recurrence are occasionally encountered. certain studies suggest that only 10-16% of patients with metastatic breast cancer have clinically apparent brain metastases, and autopsy series have revealed an incidence of brain metastasis of 30% in breast cancer patients (1) . however, it is a matter of great concern that few effective treatments are available for the treatment of clinically apparent brain metastases. it is well known that almost none of the anticancer agents are effective against brain metastases due to the presence of the blood-brain barrier. therefore, the main treatment method for brain metastases is either radiotherapy or surgical therapy. however, even after these treatments, the mean 1-year survival rate is estimated to be less than 20% (2, 3) . therefore, more effective treatments for brain metastases are required.
Some clinicians have suggested that the incidence of brain metastasis in breast cancer patients has increased following the introduction of trastuzumab, a humanized recombinant monoclonal antibody against human epidermal growth factor receptor (hEr)-2/neu, although the cause/effect relationship remains unclear and controversial. a number of possibilities have, however, been proposed: i) hEr-2-positive breast tumors are more likely to metastasize to the brain; ii) trastuzumab may promote the development of brain metastasis; iii) prolongation of the survival period owing to the efficacy of trastuzumab against visceral metastases results in an increase in the incidence of brain metastasis. if trastuzumab was not effective against only brain metastases, the blood-brain barrier could play an important role in the development of brain metastases. however, we think that changes in the biological features of the tumors also contribute to the development of brain metastasis.
the hEr-2 expression status is a predictive factor for the efficacy of trastuzumab and also a prognostic factor in breast cancer patients. in general, it is well known that breast cancer patients with hEr-2/neu overexpression have a poor prognosis. the estrogen receptor (Er) and progesterone Immunohistochemical assessment of primary breast tumors and metachronous brain metastases, with particular regard to differences in the expression of biological markers and prognosis YaWara OmOtO 1, 3 , maSaFumi KurOSumi 1 , YaSuO hOZumi 3 , hanaKO OBa receptor (pgr) are the main hormone receptors expressed in breast cancers, and the expression status of these receptors is the best predictive factor for hormonal therapy. moreover, Er-and pgr-negative breast cancers show poor prognosis and are more likely associated with brain metastasis (4) (5) (6) (7) (8) . p53 and bcl-2 are apoptosis-related factors, and Ki-67 is a proliferation-related factor. Evaluating the differences in the expression of these factors between primary breast tumors and brain metastases is very important in order to elucidate the mechanism of development of brain metastasis. in the present study, we comparatively evaluated the expression of these factors by immunohistochemistry in primary breast tumors and metachronous brain metastases. moreover, the relationships between the expression of these factors and prognosis were also examined.
Materials and methods
Patients and tissue samples. this study was conducted on 21 patients who were diagnosed as having breast cancer and who underwent breast surgery at the Saitama cancer center, Japan, between 1984 and 2004. all 21 patients developed metachronous brain metastasis and underwent craniotomy and tumor resection, followed by whole-brain radiotherapy. none of the patients had received trastuzumab before the onset of the brain metastasis. For all of the 21 patients, specimens of the primary breast and metastatic brain tumors were available for the study. All of the resected tissues were fixed in 10% formalin solution, embedded in paraffin and stained with h&E for routine histopathologic examination. the expression of Er, pgr and hEr-2 in the primary breast cancers was compared to that in usual invasive breast cancers. these usual breast cancers consisted of 439 (for Er and pgr) or 586 (for hEr-2) consecutive tumor samples collected at the Saitama cancer center between 2003 and 2004.
Immunohistochemistry. immunohistochemical staining was performed on the resected tissues. Sections were deparaffinized with xylene and dehydrated through a graded series of ethanol. to enhance the antigenicity, the sections were immersed in 10 mmol/l citrate buffer (ph 6.0) and autoclaved. Endogenous peroxidase activity was blocked with 0.3% hydrogen peroxide in methanol. Sections were then incubated for 1 h with monoclonal antibodies against Er (1:50), pgr (1:50), p53 (1:100), bcl-2 (1:40), Ki-67 (1:50) or polyclonal antibody against hEr-2/neu (1:1,600) (all from dako, Glostrup, denmark). incubation with a secondary antibody (peroxidaselabeled Envision polymer reagent; dako) was performed for 45 min at room temperature. after visualization of the reaction complexes with 0.05% 3,3'-diaminobenzidine tetrahydrochloride and 0.03% hydrogen peroxide in 50 mmol/l tris-hcl buffer (ph 7.6), the sections were examined under a light microscope.
Specimen analysis. two investigators performed the microscopic examinations independently. immunoreactivity was quantified by evaluating a minimum of 1,000 carcinoma cells in the histologic sections examined in randomly selected fields under a high-powered objective. Strong to moderate immunostaining was considered as positive staining and faint to no staining was considered as negative staining. the results for Er, pgr and p53 were considered positive when >10% of the nuclei of the carcinoma cells showed positive staining for the respective markers. as for bcl-2, the expression status was considered positive when >25% of the cytoplasm of the carcinoma cells showed positive staining. the Ki-67 labeling index (li) was calculated as the percentage of carcinoma cells with Ki-67-positive nuclei. A Ki-67 LI ≥20% was considered to be a high value of the index. For the evaluation of hEr-2/ neu expression, semi-quantitative analysis was performed according to the scoring guidelines laid down in the herceptest tm (dako) instruction guide. in brief, the specimens were scored as follows: 0, no staining or membrane staining in <10% of the tumor cells; 1+, faint or barely perceptible membrane staining in >10% of the tumor cells; 2+, weak to moderate complete membrane staining in >10% of the tumor cells; 3+, strong complete membrane staining in >30% of the tumor cells. Scores of 0 and 1+ represented a negative result for hEr-2/neu overexpression, whereas scores of 2+ and 3+ were considered to represent hEr-2/neu overexpression. Only the membrane staining intensity and patterns were evaluated as laid down in the guideline.
Statistical analysis. the χ 2 analysis was used for univariate categorical variable analysis. in relation to Er, pgr, hEr-2, bcl-2 and p53 expression, survival curves were calculated using the Kaplan-meier method and compared by the log-rank test. the Ki-67 li in the primary tumors was compared to that in the brain metastases using a paired t-test. a p-value <0.05 was considered as denoting statistical significance.
Results
Clinical and pathological characteristics. all 21 patients were female, with a median age of 47 years (range 33-69) at the time of diagnosis of the primary breast cancer. Of the 21 patients, 1 had received pre-operative chemotherapy prior to the breast surgery. thirteen patients had received at least one form of postoperative hormonal therapy, 16 had received at least one form of postoperative chemotherapy and 10 had received both after the breast surgery. Only 1 patient had received trastuzumab after the brain surgery. the average interval from primary diagnosis to death was 56 months, whereas the average interval from the time of development of brain metastasis to death was 12 months. death was ascribed to brain metastasis in 11 of the 17 patients and to non-central nervous system causes in 6 of the 17 patients (table i) .
Characteristics of the primary tumors. the primary tumors were positive for Er, pgr, hEr-2, p53 and bcl-2 expression in 43% (9/21), 29% (6/21), 33% (7/21), 33% (7/21) postoperative hormonal therapy after breast surgery. the Ki-67 LI was significantly higher in the brain metastases than that in the primary tumors (p=0.003) ( Figs. 1 and 2 ).
Survival data. the time from primary diagnosis to death was significantly longer in the breast cancer patients showing positive Er expression in the primary breast cancer tissue (p=0.0076) (Fig. 3a) . moreover, the interval from primary diagnosis to death also tended to be longer in the patients showing positive bcl-2 expression in the primary breast cancer tissue as compared to that in the patients showing negative bcl-2 expression in the primary breast tumor (p=0.067) (Fig. 3B ). There were no significant differences in the interval from the diagnosis of brain metastasis to death associated with the presence/absence of Er, pgr, hEr-2, p53 or bcl-2 in either the primary breast tumors or the brain metastases (table iii) . the interval from primary diagnosis to the development of brain metastasis was significantly longer in the breast cancer patients showing Er-positivity, p53-negativity or bcl-2-positivity in the primary breast cancer tissue (Fig. 4a-c) . Of the three markers, bcl-2 was the most sensitive prognostic marker (p<0.0001). the interval from primary diagnosis to the detection of brain metastasis tended to be longer in patients showing a Ki-67 li of <20% in the breast cancer tissue (Fig. 4d) .
Discussion
in the present study, we demonstrated a striking increase in the Ki-67 li in the metachronous brain metastases as compared to that in the corresponding primary breast tumors. We clarified the differences in the characteristics between the primary breast cancer and the metachronous brain metastases in this study. the Ki-67 nuclear antigen is known to be present during the G1, S, G2 and m, but not the G0, phases of the cell cycle in continuously proliferating cells. therefore, immunohistochemical staining with an antibody against Ki-67 serves as a useful means to determine the cell proliferative activity (9) . it has been reported that breast cancer patients with a high Ki-67 li in the primary tumor are likely to have a poor prognosis (10) (11) (12) (13) (14) (15) . Some investigators have demonstrated that a high Ki-67 li is a predictive marker of a better response to chemotherapy in breast cancer patients (16) (17) (18) , although the precise relationship between the Ki-67 LI and the efficacy of chemotherapy is still controversial (19) . this may be partially attributed to the heterogeneity of Ki-67 expression. Shabani et al, using a small sample size, also showed significantly higher values of the Ki-67 LI in brain metastases than in primary cancers (the origins of various origins) (20) . moreover, some investigators have reported that the Ki-67 li was significantly higher in metastatic axillary lymph nodes than in the corresponding primary breast tumors (21, 22) . the differences in the Ki-67 li between primary breast tumors and metastatic tumors have not yet been clarified in relation to other organs. however, it could be reasonably presumed that the Ki-67 li would be higher in metastatic tissues than that in the primary tumors. In the present study, we confirmed that the Ki-67 LI was significantly higher in the brain metastases than in the primary breast cancers, despite the existence of heterogeneity. as compared to the case in usual invasive breast cancer, the percentage of ER-and/or PgR-positive cases was significantly lower in the patients with metachronous brain metastases, which was consistent with previous reports (4) (5) (6) (7) (8) . however, the percentage of HER-2-positive cases was not significantly different between these two groups. it has been reported that 42-48% of breast tumors associated with metachronous brain metastases show positive hEr-2 expression (23,24). thus, our result of 33% seems to be relatively low; we speculated that this may simply be due to the small sample size in our study.
in the present study, the concordance rates between the primary breast tumors and the brain metastases were high (more than 76%) for Er, pgr, hEr-2, p53 and bcl-2 expression. Of the 21 primary breast tumors, 9 cases were positive for Er and 6 for pgr. the negative conversion rate was 22% (2/9) for Er and 50% (3/6) for pgr; all patients that showed negative Er and/or pgr conversions had received hormonal therapy after the breast surgery. these results raise the possibility of a relationship between negative conversion for hormone receptor expression and the efficacy of hormonal therapy. however, this phenomenon (negative conversion) does not always occur after hormonal therapy. On the other hand, negative Er and/or pgr conversions have also been found to be frequently induced by pre-operative hormonal therapy (25) . Figure 3 . Kaplan-meier survival curves were plotted based on Er and bcl-2 expression in the primary breast tumors. the interval from the primary diagnosis to death was significantly longer in the patients with positive ER expression in the primary breast tumor (A, P=0.0076; log-rank test). A similar tendency was noted in relation to the patients showing positive bcl-2 expression in the primary breast tumor (B, p=0.067; log-rank test).
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although the mechanisms underlying these phenomena have yet to be fully elucidated, negative conversion of hormone receptor expression appears to be an important factor in the resistance to hormonal therapies. the percentage of p53-positive cases was higher by 15% in the brain metastases than in the primary breast tumors; that is, 3 of the 14 p53-negative primary breast tumors showed positive conversion in the brain metastases. Some investigators have suggested that there is a considerable difference in the rate of p53 abnormalities between immunohistochemical and mutational analysis (26) (27) (28) . immunohistochemical analysis detects mutated p53 protein, but not wild-type p53. this is thought to be due to the longer half-life of mutated p53 protein. Failure of apoptosis is attributed to the p53 mutation. thus, the detection of p53 protein is considered to be associated with worsening tumor characteristics. On the other hand, although bcl-2 is generally considered to be an anti-apoptotic protein, most investigators agree that bcl-2-positive breast cancers show good responses to hormonal therapy. moreover, bcl-2 expression has been reported to be associated with favortable iii. Survival data (mean time to death in months). 
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able histopathological features and positive clinical outcomes (29, 30) . this may seem paradoxical, but we consider that the presence of the bcl-2 protein sustains the estrogen-dependent proliferative organization of the tumors. the percentage of bcl-2-positive cases was lower by 14% in the brain metastases than in the primary breast tumors; that is, 4 of the 12 bcl-2-positive primary breast tumors showed negative conversion in the brain metastases, and 1 of the 9 bcl-2-negative primary breast tumors showed positive conversion in the brain metastases. positive hormone receptor expression is a favorable prognostic factor in breast cancer patients; therefore, the decrease in the percentage of bcl-2-positive cases in the brain metastases is not likely to reflect a favorable prognosis. In this study, the increase in the number of p53-positive cases and Ki-67-positive cells, and the decrease in the number of bcl-2-positive cases in the brain metastases suggest a worsening of the tumor characteristics in brain metastases. in our study, the interval from primary diagnosis to death was significantly longer in the breast cancer patients who showed positive Er expression in the primary breast cancer tissue. this tendency was also observed for bcl-2 expression. Furthermore, the interval from primary diagnosis to the detection of brain metastasis was significantly longer in the breast cancer patients showing Er-positivity, p53-negativity or bcl2-positivity in the primary breast cancer tissue. in relation to Er and bcl-2, the prolongation of the interval from primary diagnosis to the detection of brain metastasis contributed to the prolongation of the interval from primary diagnosis to death. From this point of view, Er and bcl-2 are important prognostic factors in these patients.
We also examined the correlation between the Ki-67 li and prognosis. there was no relationship between the Ki-67 li in breast cancer tissue and the interval from primary diagnosis to death. moreover, there was also no relationship between the Ki-67 li in the brain metastases and the interval from the detection of brain metastasis to death. caly et al reported the Ki-67 li as a prognostic factor in terms of both disease-free survival and overall survival (OS) based on a study of 257 breast cancer patients (15) . in our study, the absence of a relationship between the Ki-67 li in the breast cancer tissue and the OS could be attributable to the small sample size. however, the interval from primary diagnosis to the detection of brain metastasis tended to be longer in breast cancer patients showing a Ki-67 li of less than 20% in the breast cancer tissue.
in conclusion, we comparatively evaluated the immunohistochemical expression profiles between primary breast tumors and brain metastases in this study. there were no significant differences in the expression of ER, PgR, HER-2, p53 or bcl-2 between the two tissues. however, the Ki-67 li was significantly higher in the brain metastases than in the primary breast tumors. Furthermore, a high Ki-67 li in the primary breast tumor was associated with a shorter interval from the primary diagnosis to the development of brain metastasis. these results suggest that the tumor characteristics are worse in the brain metastases. in addition, Er and/or bcl-2 expression was shown to be an important prognostic factor in breast cancer patients with metachronous brain metastases. Further studies in larger samples are required to understand the relationship between the immunohistochemical expression profiles of primary breast tumor and brain metastases.
